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Aerosol = gas + particlesAerosol = gas + particles

Deposition mechanisms:Deposition mechanisms:

  Impaction: >5  Impaction: >5 __mm
  Sedimentation: 1-8 Sedimentation: 1-8

__mm
  Diffusion: <1  Diffusion: <1 __mm



Why aerosols are important?Why aerosols are important?
 Atmospheric pollutantsAtmospheric pollutants

 Health riskHealth risk  __      RespiratoryRespiratory
     Cardiovascular     Cardiovascular

 EPA standards for PMEPA standards for PM2.52.5

 Pharmaceutical applicationsPharmaceutical applications
 Aerosol drug therapyAerosol drug therapy
 Drug targetingDrug targeting    __        Increases efficiencyIncreases efficiency

    Decreases side    Decreases side
effectseffects











Studies in altered gravityStudies in altered gravity
 Applications on Earth:Applications on Earth:

 effect of sedimentation on overalleffect of sedimentation on overall
depositiondeposition

νν better understanding of site andbetter understanding of site and
magnitude of lung deposition  magnitude of lung deposition  __
airborne pollutantsairborne pollutants

     drug therapy     drug therapy
 Applications in space:Applications in space:

 no sedimentation no sedimentation __    long term healthlong term health
risk  risk         to       to
astronauts ?astronauts ?

νν Applications on Mars and on theApplications on Mars and on the
Moon?Moon?
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Mitchell (Apollo 14)



Astronaut Dave
Scott (Apollo 15)



Astronaut
Eugene Cernan
(Apollo 17, Dec

1972)



(From NASA-RP-1265:
Lunar soil size catalog)

Lunar
dust



Dust from MarsDust from Mars

 High composition ofHigh composition of
mineral oxide (SiOmineral oxide (SiO22,,
FeOFeO))

 Free oxygen radicalsFree oxygen radicals
that may prove to bethat may prove to be
highly toxic whenhighly toxic when
brought into contactbrought into contact
with the lining of thewith the lining of the
lunglung Image credit: JPL/NASA/Cornell



Potential hazardsPotential hazards
 Saline tracheal instillation of simulatedSaline tracheal instillation of simulated

lunar and Martian dust in mice showedlunar and Martian dust in mice showed
 after 7 days:after 7 days:

 focal regions of particulate-laden macrophagesfocal regions of particulate-laden macrophages
 alveolar, alveolar, peribronchiolarperibronchiolar and  and perivascularperivascular

inflammationinflammation
 after 90 days:after 90 days:

 chronic pulmonary inflammationchronic pulmonary inflammation
 alveolar alveolar septalseptal thickening thickening
 FibrosisFibrosis

(Lam et al., Inhalation Toxicology, 2002)(Lam et al., Inhalation Toxicology, 2002)



HumanHuman
StudiesStudies



How?       Parabolic flightsHow?       Parabolic flights



Total deposition dependsTotal deposition depends
on both gravity and particleon both gravity and particle
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Total deposition of smallTotal deposition of small
particlesparticles

in in µµG is higher than expectedG is higher than expected
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Deposition is reduced in Deposition is reduced in __GG
compared to normal gravitycompared to normal gravity

howeverhowever……

 Reduction in sedimentation results inReduction in sedimentation results in
higher airway concentrationhigher airway concentration

 More particles penetrate deep in the lungMore particles penetrate deep in the lung
 More particles may deposit in the sensitiveMore particles may deposit in the sensitive

alveolar region of the lungalveolar region of the lung



Aerosol bolus testAerosol bolus test
 Allows probing of different depths of theAllows probing of different depths of the

lunglung
 Information on regional depositionInformation on regional deposition
 Information on mixing processesInformation on mixing processes
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Aerosol bolus deposition isAerosol bolus deposition is
affected by gravityaffected by gravity

* Significantly different 
from 1G  (p<0.05)

(Darquenne et al., 
J. Appl. Physiol., 1998)
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Differences in deposition betweenDifferences in deposition between
particle sizes are solely a function ofparticle sizes are solely a function of

gravitygravity
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Particle mixing in the lung periphery isParticle mixing in the lung periphery is
much more complex than originallymuch more complex than originally

thoughtthought



Deposition is not affectedDeposition is not affected
by flow reversalsby flow reversals
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Increasing number of flow reversalsIncreasing number of flow reversals
has no effect on aerosol depositionhas no effect on aerosol deposition

 The mechanism of stretch and fold likelyThe mechanism of stretch and fold likely
occurs in one breathing cycleoccurs in one breathing cycle



Typical flow patterns in the ratTypical flow patterns in the rat
lung after one breathing cyclelung after one breathing cycle

(From Tsuda
et al., Proc.
Nat. Acad.
Sci., 2002)

Re << 1



Increasing number of flow reversalsIncreasing number of flow reversals
has no effect on aerosol depositionhas no effect on aerosol deposition

 The mechanism of stretch and fold likelyThe mechanism of stretch and fold likely
occurs in one breathing cycleoccurs in one breathing cycle

 It provides a mechanisticIt provides a mechanistic
basis to explain what webasis to explain what we
previously described aspreviously described as
““enhanced diffusionenhanced diffusion
resulting fromresulting from
unaccounted mixingunaccounted mixing
mechamismsmechamisms”” in the total in the total
deposition studiesdeposition studies



Proposed  RatProposed  Rat
StudiesStudies
 Short-term objectiveShort-term objective::

develop a rat modeldevelop a rat model
to assess depositionto assess deposition
patterns in the lungpatterns in the lung

 Long-term objectiveLong-term objective::
use the rat model touse the rat model to
directly assess lungdirectly assess lung
damage caused bydamage caused by
inhaled particulatesinhaled particulates



HypothesisHypothesis

Aerosol deposition in the lungs of spontaneouslyAerosol deposition in the lungs of spontaneously
breathing rats in fractional-G corresponding to thebreathing rats in fractional-G corresponding to the

surface of the Moon and Mars will be moresurface of the Moon and Mars will be more
peripheral (closer to the alveoli) than in 1Gperipheral (closer to the alveoli) than in 1G

increasing the potential for oxidative lung damageincreasing the potential for oxidative lung damage



Proposed rat studiesProposed rat studies



MethodsMethods
 Expose rats toExpose rats to

fluorescents particles influorescents particles in
1G and fractional G and1G and fractional G and
measure central andmeasure central and
peripheral deposition inperipheral deposition in
the lungs usingthe lungs using
confocalconfocal microscopy of microscopy of
lung sliceslung slices



MethodsMethods
 Expose rats to MRI-Expose rats to MRI-

labeled particles in 1Glabeled particles in 1G
and fractional G andand fractional G and
use 3D MRI to measureuse 3D MRI to measure
central and peripheralcentral and peripheral
deposition in the lungsdeposition in the lungs
of intact animalsof intact animals


